Background Cardiovascular disease is one of the major causes of death in systemic lupus erythematosus (SLE). A study was undertaken to investigate whether treatment with statins would reduce subclinical measures of atherosclerosis over a 2-year period. Methods 200 patients with SLE without clinical cardiovascular disease were randomised to receive atorvastatin 40 mg daily or an identical placebo. At baseline and after 2 years of follow-up, helical CT scanning (for coronary artery calcium) and carotid duplex (for intima media thickness/plaque) were performed. Patients were seen for measures of disease activity at 1 month, 3 months and quarterly thereafter. The primary outcome variable was change in coronary artery calcium.
INTRODUCTION
Atherosclerosis is a major cause of morbidity and mortality in systemic lupus erythematosus (SLE). 1 2 3 Accelerated atherosclerosis in SLE is attributed both to an increase in traditional cardiovascular risk factors 4 and to the infl ammatory effect of SLE itself. There is a bimodal pattern of mortality in SLE, with early deaths caused more by infection and late deaths caused more by cardiovascular disease. 5 In one study the risk of myocardial infarction in women with SLE aged 35-44 years was increased 50-fold over Framingham controls. 6 Traditional cardiovascular risk factors do not completely explain the increased risk, 7 8 suggesting that-as in the general population 9 -infl ammation plays a role. Noninvasive measures of subclinical atherosclerosis have advanced the study of atherosclerosis in SLE. Both coronary artery calcifi cation 10 11 and carotid atherosclerosis have been studied in SLE. 12 13 Statins reduce the progression of atherosclerosis in the general population 14 by reduction of lowdensity lipoprotein (LDL) cholesterol and also by pleiotrophic anti-infl ammatory effects including decreasing adhesion molecules, reducing tissue factor expression, reducing infl ammatory cytokines, increasing fi brinolytic activity and reducing expression of class II major histocompatibility complex antigens. 15 Furthermore, statins may prevent endothelial cell activation induced by antiphospholipid antibodies 16 which occurs in up to 50% of patients with SLE.
The anti-infl ammatory effect of statins may have benefi t in some autoimmune diseases. In 116 patients with rheumatoid arthritis, atorvastatin reduced disease activity compared with placebo. 17 In multiple sclerosis, treatment with atorvastatin reduced the number and volume of gadoliniumenhancing lesions in brain MRIs. 18 Other studies with simvastatin and lovastatin have also shown benefi cial effects of statins in multiple sclerosis. 19 20 Statins have not been widely studied in SLE. In a small study of 41 patients with SLE designed to study dose-effectiveness and statin tolerability, 10 or 40 mg pravastatin per day led to a reduction in total cholesterol of 16-21% and in LDL-cholesterol of 24-35%. However, it did not reduce C-reactive protein (CRP). 21 Rarely, statins may cause druginduced lupus. 22 23 Given the high burden of atherosclerotic disease in SLE and the potential anti-infl ammatory effects of statins, we sought to determine if a statin could reduce progression of subclinical atherosclerosis and/or could reduce disease activity in SLE.
METHODS

Inclusion/exclusion criteria
The inclusion criterion was a clinical diagnosis of SLE. In addition, 95% of patients had four or more American College of Rheumatology (ACR) criteria and the remaining patients had three. Patients aged >18 years were included. Patients were excluded if they had a known prior atherosclerotic event, were pregnant, had chronic liver disease, triglycerides >500 mg/dl or LDL-cholesterol >190 mg/dl, creatine kinase (CK) >1.5 times the upper limit of normal or liver function tests (LFT) >2 times the upper limit of normal. None of the patients was on statins in the 3 months prior to the study.
Study design
This was a randomised double-blind placebo controlled trial of atorvastatin 40 mg versus matching placebo. At baseline, coronary artery calcium was assessed by helical CT scanning. Carotid intima media thickness (IMT) and carotid plaque were assessed by carotid duplex. After baseline measures were completed, the patients were randomised into the two treatment groups. The randomisation was stratifi ed by the presence or absence of coronary artery calcium at baseline to ensure that the study groups were balanced with respect to this variable. Disease activity was assessed at baseline and quarterly using the Safety of Estrogens of the common carotid artery (the 1 cm segment proximal to the bifurcation) by a single reader using an automated edge detection system. The mean IMT of this 1 cm segment was measured on two separate images of the left and the right common carotid artery at the peak of the R wave on a simultaneous ECG tracing. The mean of these four measurements was used as the IMT. This location was chosen because of its demonstrated reproducibility compared with measurements of carotid IMT at other sites. 25 26 Each ultrasound examination was performed as an independent study without knowledge of the previous IMT results. Both patients and providers were blinded to the IMT results until the 2-year follow-up examination was completed. Carotid plaque was defi ned as focal protrusion into the lumen with a thickness at least 50% greater than the surrounding IMT. 27 28 Both scans were done on the same machine and read by one person at the end of the trial, blinded to treatment assignment.
Safety monitoring
The Data Safety Monitoring Board reviewed the study at the onset and throughout the trial. Safety monitoring of LFTs and creatine kinase (CK) was performed at 1 month and then at the quarterly visit. If the LFTs or CK were 3× the upper limit of normal, the drug/placebo was stopped and resumed at 20 mg (half the original dose) after normalisation. If the LFTs or CK were 2× normal they were rechecked monthly until they fell below 2× the upper limit of normal.
Outcome measures
There were two primary outcome measures. For atherosclerosis, the primary outcome measure was reduction in the progression in Lupus: National Assessment (SELENA) revision of the SLE Disease Activity Index (SLEDAI). 24 Disease activity measures were also available from before study onset. At 2 years helical CT and carotid duplex scans were repeated together with other cardiovascular risk factors including total cholesterol, hs-CRP, lipoprotein (a), homocysteine, asymmetric dimethyl arginine, soluble intercellular adhesion molecule 1, soluble vascular cell adhesion molecule 1, soluble P-selectin and interleukin 6.
Helical CT scanning
Coronary artery calcifi cation was assessed by helical CT scanning with a Siemens Volume Zoom Scanner (Siemens Medical Solutions, Malvern, Pennsylvania, USA) using a 2.5 mm collimation and a slice width of 3 mm. Data were reloaded into a Siemens Leonardo workstation using the Siemens calcium scoring software. Coronary artery calcifi cation was quantifi ed using a standard scoring system available as part of the scanner software package. Coronary calcification scores were calculated using Agatston scoring.
Carotid duplex scanning
High-resolution B-mode ultrasound was performed at baseline and at 24 months to image the right and left common carotid arteries using a single ultrasound machine (Philips Medical Systems Sonos 5500) with a linear array 8 MHz scan head with standardised image settings including resolution mode, depth of fi eld, gain and transmit focus. Digital imaging and communications in medicine images from a diastolic frame of the cine-loop recording were electronically stored and transferred via optical disk to an offl ine work station for analysis. Carotid IMT was measured between the lumen intima and media-adventitia interfaces of the far wall other variables. To compare the intervention groups with respect to changes in these variables, an ANCOVA model was used with change as the dependent variable and the baseline level as a covariate. To assess the impact of the intervention on disease activity we used a mixed effects regression model to account for the correlation between repeated SELENA SLEDAI measures for each patient.
Power of the study
Using the estimated variance from the completed study, we calculated that a study of this size had 80% power to detect a difference between the groups if the factor by which coronary artery calcium (CAC+1) increased in the placebo group over the 2-year period was 55% higher than the factor by which coronary artery calcium (CAC+1) increased in the atorvastatin group. Figure 1 shows the numbers of patients with SLE who consented, were randomised and who completed follow-up. Two hundred patients were enrolled and randomised. The patients had a mean (SD) age of 44.7 (11.3) years (range 18-78), 92% were female, 61% Caucasian, 33% African-American, 2% Asian and 2% Hispanic. Cumulative ACR revised classifi cation criteria for SLE 29 30 included malar rash 63%, discoid rash 23%, photosensitivity 60%, oral ulcers 54%, arthritis 80%, serositis 50%, renal disorder 40%, neurological disorder 9%, immunological disorder 75% and ANA positivity 97%. The groups were similar with respect to the baseline variables ( table 1 ) .
RESULTS Patients
Baseline lipids
Patients with elevated fasting triglycerides >500 mg/dl or LDLcholesterol >190 mg/dl were excluded from participation in the trial. At baseline the mean (SD) total cholesterol in enrolled patients was 186 (38) mg/dl with 34% having total cholesterol levels >200 mg/dl. The mean (SD) LDL-cholesterol was 103 (31) mg/l with 48% having LDL >100 mg/dl. None of the patients was receiving statins at baseline or prior to the study.
Baseline atherosclerosis measures
At baseline 57% had no coronary artery calcium, 22% had an Agatston score of >0-10, 12% had 11-99 and 8% had ≥100 AU. At baseline the IMT was 0.4-0.5 mm in 23%, 0.5-0.6 mm in 46%, 0.6-0.7 mm in 19% and 0.7-1.0 mm in 12%. At baseline, 17% had carotid plaque.
Two-year atherosclerosis measure results
There were no statistically signifi cant differences between the groups with respect to changes in coronary artery calcium score ( table 2 ). Table 3 shows the raw score distribution of coronary artery calcium scores as well as comparing the two groups using raw scores. There was a greater increase in coronary artery calcium score in the placebo group, but a Wilcoxon non-parametric test yielded a non-signifi cant p value (p=0.23). We did an additional analysis using a fi ve-group categorisation of Agatston scores (0,1-10,11-100,101-400,401+). The two treatment groups were still similar with respect to change in categories (p=0.44) based on the χ² test.
There was also no signifi cant difference between the groups with respect to change in carotid IMT ( table 2 ) . In a post hoc analysis there was a difference in favour of atorvastatin (p=0.014) in the proportion in whom carotid IMT improved, stayed the same or got worse by group and baseline level ( table 4 ) . of subclinical atherosclerosis as assessed by the coronary artery calcium score. Owing to the fact that the distribution of this score was skewed, we based our analysis on the log-transformed score. Secondary atherosclerosis outcomes included reduction in progression of IMT and carotid plaque. For disease activity, the primary outcome was improvement in the SELENA SLEDAI which was measured at all clinic visits in the 2 years preceding the study and during the 2 years of the clinical trial. 24 
Statistical methods
Paired t tests were used to assess the statistical signifi cance of observed changes in indicators of subclinical atherosclerosis and group compared with 31% in the placebo group (p=0.01). The proportion with a 50% increase in ALT during follow-up was 66% in the atorvastatin group and 44% in the placebo group (p=0.003). CK abnormalities did not differ between the groups. More patients in the atorvastatin group had thymic hyperplasia detected on CT scanning due to a disproportion at baseline. Seven had thymic hyperplasia at 24 months (but unchanged from baseline). There was no clinical myasthenia gravis. One patient had the acetylcholine receptor antibody at both baseline and 24 months.
DISCUSSION
In spite of improved treatment of SLE, no improvement in cardiovascular mortality has been recognised in the last 25 years. 31 Because statins help to reduce the risk of myocardial infarction even in patients with normal lipids, attributed to an anti-infl ammatory effect (as demonstrated by reduction in hs-CRP), 32 -36 they seemed to be an ideal choice for intervention in the accelerated atherosclerosis of SLE. Surprisingly, this 2-year intervention trial showed no benefi t in the primary (coronary artery calcium) and secondary (carotid IMT, carotid plaque) atherosclerosis outcomes. Only in a post hoc analysis was there a suggestion of benefi t for carotid IMT. In addition, there was no benefi t in reduction of hs-CRP or any of the markers of endothelial activation, suggesting that atorvastatin has no anti-infl ammatory effect in SLE that could be measured with these markers of infl ammation.
Although statins may have some benefi t for the disease activity of rheumatoid arthritis 17 or multiple sclerosis, 18 19 20 we found no evidence of a benefi cial effect on SLE activity. Unlike most patients in whom liver enzyme elevation usually commences within the fi rst 4 months of therapy, 37 elevation of LFTs was common in this trial and occurred even late (18 months) in the trial. This suggests that patients with SLE receiving statins for hyperlipidaemia will require closer monitoring of LFTs throughout their course of statins, even in the absence of an increase in dosage. More frequent elevation of ALT and aspartate aminotransferase (AST) with atorvastatin (vs pravastatin) was reported in the non-SLE BELLES trial, 38 but the two drugs were similar in a pooled safety analysis. 39 In the general population, atorvastatin 80 mg prevents progression of coronary atherosclerosis, as measured by the percentage change in atheroma burden by intravascular ultrasound, 40 and All patients with carotid plaque at baseline also had carotid plaque at follow-up. Among those without carotid plaque at baseline, there was no signifi cant difference between the study groups with respect to the proportion with carotid plaque at follow-up ( table 5 ) . Table 6 shows the changes observed in cardiovascular risk factors. Total cholesterol decreased in the atorvastatin group by 30.8 mg/dl (a reduction of 17%). The reduction in lipoprotein (a) was greater in the placebo group.
Changes in cardiovascular risk factors
Changes in markers of endothelial activation
There was no reduction in any marker of endothelial activation in the atorvastatin group compared with placebo ( table 6 ).
Disease activity
We compared SLE disease activity in the 2 years prior to randomisation with disease activity during the 2 years after randomisation to assess whether atorvastatin treatment had an impact on disease activity. There was an average of seven clinic visits per person prior to randomisation and seven after randomisation at which disease activity was measured. There was no significant change in mean disease activity after randomisation and no difference in the change in activity between the two treatment groups ( table 7 ) . In order to determine any benefi cial effect of statins on renal function, we calculated the glomerular fi ltration rate using the Cockcroft-Gault equation. No statistical difference in renal function was seen between the two groups (p=0.34).
Toxicity
Elevation in LFTs occurred throughout the trial as late as the 18-month visit. The proportion with abnormal alanine transaminase (ALT) levels during follow-up was 51% in the atorvastatin protects against death and major cardiovascular events 41 compared with pravastatin 40 mg. However, there was no difference between atorvastatin 80 mg and pravastatin 40 mg in progression in the calcium volume score in a 1-year trial. 40 Twenty mg atorvastatin (with vitamins C and E) did not prevent progression of coronary calcium compared with placebo in a clinical trial. 42 It would not have been possible for us to have done our study with 80 mg, given the high frequency of LFTs with 40 mg atorvastatin.
Limitations of the trial included the 2-year follow-up and the use of surrogate end points instead of actual cardiovascular events. Two years of lipid-lowering treatment may not be sufficient to show the benefi ts of lowered cholesterol levels in reducing clinical cardiac events in SLE. However, the progression over the 2-year period and the lack of any measurable 'anti-infl ammatory' benefi t suggest that non-statin interventions should be considered for the accelerated atherosclerosis of SLE. Patients with SLE with hyperlipidaemia, however, should continue to be treated with statins and other antihyperlipidaemic medications if they meet the National Cholesterol Education Program guideline thresholds for treatment. 43 
